Background. Impairment in the cervical proprioception and deep flexor muscle function and morphology have been regarded to be associated with chronic neck pain (CNP).
Objective. The aim of the study is to assess the relationship between proprioception and flexor endurance capacity and size and clinical CNP characteristics.
Design. This was an observational, cross-sectional study.
Setting. Rehabilitation hospital laboratory.
Subjects. Sixty subjects with or without CNP participated in the study.
Methods. Joint position error, clinical deep flexor endurance test score, longus colli/capitis and sternocleidomastoid muscle size, pain intensity, neck pain-related disability, and fear of movement were assessed. Multivariate analysis of variance and Pearson correlation tests were used to compare the groups and quantify the strength of the associations among variables, respectively. Logistic regression analysis was performed to test the predictive value of the dependent variables for the development of neck pain.
Results. CNP patients showed lower flexor endurance (P 5 0.01) and smaller longus colli size (P < 0.01). The joint position error was not statistically different between the groups. Longus colli size was correlated with local flexor endurance in both CNP (P 5 0.01) and control (P 5 0.04) groups. Among clinical CNP characteristics, kinesiophobia showed fair correlation with joint position error (r 5 0.39, P 5 0.03). Left rotation error and local flexor endurance were significant predictors of CNP development (b 5 1.22, P 5 0.02, and b 5 0.97,
Introduction
Neck pain (NP) is becoming a prevailing musculoskeletal problem in the general population. It has been associated with various deficits in both the cervical spine [1, 2] and structures beyond this region [3] , but the etiology is often illusive. Several impairments have been documented in the presence of chronic neck pain (CNP) including but not limited to sensory motor and proprioceptive dysfunctions [4, 5] and cervical muscle morphology and endurance deficits [6, 7] .
Proprioception provides informative input to the central nervous system that is utilized in motor planning. Proprioception degradation thereby leads to alterations in movement control and accuracy and recruitment timing of motor commands, which subsequently affects posture [8, 9] . It has been proposed that the muscle spindles densely accumulated in the deep cervical muscles are the main source of proprioception afferents in the cervical region [10] . As the deep and local cervical muscles are comparatively rich in muscle spindles, they are believed to be responsible for stability and postural support by acting as sensors serving to fine-tune cervical motion [10, 11] . The deep flexor muscles have been accredited as important elements in the maintenance of cervical posture [12] and are thus being specifically targeted in the management of NP [13] . Reduced muscle size and endurance in the deep cervical flexors have been documented in several studies [6, 12, 14] . Some studies have even found cervical proprioceptive improvement following endurance training of the deep flexor muscles in patients [15] [16] [17] [18] or endurance enhancement by performing proprioceptive rehearsals [19] . These findings may suggest an association between the cervical muscles' endurance and proprioception functioning. This is while, in a recent investigation on a large sample of CNP patients, the two items were found not to be correlated [20] . Evidence on reduced flexor muscle size and endurance, the role of these muscles in proprioception, and impaired proprioception in the presence of CNP (although controversial) [21] [22] [23] [24] made us hypothesize that simultaneous assessment of the three items might shed light on the involved mechanisms in CNP.
The main aim of this study was to investigate the relevance of cervical proprioception to CNP via the evaluation of the relationship between cervical proprioceptive functionality and flexor muscle size and endurance and clinical aspects of CNP.
Methods

Design
This was an observational cross-sectional study.
Participants
Sixty subjects voluntarily participated in the study during the January to June 2017 period. All participants were required to sign the informed consent form prior to the commencement of the study, after being familiarized with its purpose and content. The study was approved by the Human Ethical Committee of the University of Social Welfare and Rehabilitation Sciences. The nonspecific CNP patients defined as having neck pain with no pathoanatomic origin (N ¼ 30) [25] were eligible to participate in the study if they met the following inclusion criteria: age 20-55 years, pain experience in the suboccipital to the first thoracic vertebra region for at least six months with a score of 3 or more on the visual analog scale (VAS; 0-10 cm) for the week prior to the study [26] . The exclusion criteria for the patients were pregnancy, any history of trauma or surgery on the cervical spine, congenital cervical deformity, and diagnosis of fibromyalgia, neurological disorders, rheumatoid arthritis, radiculopathy, or vestibular impairment that would characterize NP as specific (having a definite pathoanatomical origin) [25] . In addition to patients' medical records, the lack of the two latter criteria were confirmed by negative Spurling [27] and Dix Hallpike [28] tests, respectively. None of the patients had received physical therapy interventions for NP within three months prior to the study. To avoid pain interference, a VAS score higher than 6.5 (high-intensity pain) [26] on the testing day would postpone the assessments. The asymptomatic group participants were recruited through a university campus noticeboard. Participants were included if they were 20-55 years of age and had no history of NP within the last year. The exclusion criteria for the control group participants were almost the same as for the CNP patients, except the radiculopathy, which was irrelevant for non-NP subjects. The physical examination and medical history review were performed by an experienced orthopedic physical therapist. The demographic characteristics of the groups are summarized in Table 1 .
Outcome Measures
Clinical Characteristics of the CNP Patients NP intensity over the last week was evaluated using the 10-cm VAS, where 0 indicates "no pain at all" and 10 "the worst imaginable pain." The Persian version of the Neck Disability Index (NDI-P; 0-100) [29] and Tampa Scale of Kinesiophobia (TSK-P; 17-68) [30] were used to assess CNP-related disability and kinesiophobia, respectively. Higher scores in NDI and TSK indicate higher levels of disability and stronger fear avoidance beliefs.
Ultrasonography Imaging
Ultrasound (US) imaging of the neck flexor muscles was conducted by a real-time ultrasonography device (SONOLINE G40 TM, Siemens, Germany) with an 8-MHz, 38.7-mm linear array transducer.
Participants were asked to lie in the hook lying position on a plinth with both arms alongside the body and head and neck in neutral position. To observe the sternocleidomastoid (SCM), longus colli (LCO), and longus capitis (LCA), the probe was placed perpendicular to the skin surface 2 cm below the thyroid cartilage, which was identified by palpation, and 5 cm lateral to the midline, corresponding to the C5 body ( Figure 1 ) [31, 32] . Bmode US images were captured, and measurements of muscle dimensions were performed using on-screen calipers. The lateral dimension (LD) or width of the muscles was defined as the greatest distance from the medial to the lateral border. The longest line reaching from the anterior to posterior border of the muscle and drawn perpendicular to the LD was considered the anterior posterior (AP) dimension or muscle thickness. The line tracing around the muscle border not including the facial outline would yield the cross-section area (CSA). Owing to the relatively large width of the SCM, the two ends of the muscle were often not captured in the static US, and the LD and CSA of this muscle were thus not measured in this study [6] . The assessor performed the offline size measurements with a 30-to 45-day delay after US imaging. This would reduce the measurement bias risk by making the examiner almost blind to the participants' grouping. In patients with bilateral CNP and in asymptomatic participants, the mean values of US measures of bilateral sides were used for statistical analysis. This is while in unilateral CNP patients or in the case of considerable asymmetry in pain intensity, the measures for the ipsilateral side muscles were analyzed.
Neck Flexor Endurance
The clinical local flexor endurance test was chosen for the assessment of the flexion endurance because of its wide utility both in clinical settings and research [12, [33] [34] [35] [36] [37] . This would ensure external validity (generalizability of the results) of the study. The participants would assume the hook lying position with the arms alongside the body, and they were asked to raise their head approximately 2 cm off the plinth while keeping the chin retracted to the chest (cranio-cervical flexion posture) as long as possible. Losing the chin tucked posture (cranio-cervical extension) or having the head touch the plinth (cervical extension) for more than one second or reluctance to continue for any reason would lead to test termination [36] . The test duration was measured in seconds with a stopwatch. The examiner visually monitored the cervical posture during the test. The test was performed only once to prevent pain exacerbation in patients ( Figure 2 ).
Joint Position Error
The test was performed as described by Revel et al. [4] .
The participants started the test in a sitting position. A Velcro strap was fixed around the skull, level with the top of the ears. A laser pointer (Class 3 A Laser product, Wen Zhou Xinke, China) was fixed on the Velcro strap between the eyebrows. With their eyes kept closed, the participants were asked to return their heads to the starting neutral position after moving slowly through the maximum comfortable range of motion (flexion, extension, left (LRot) and right rotation (RRot)). The projection of the laser beam on a graded paper in a fixed 90-cm distance from the participants, located at the eye level, would indicate the head position ( Figure 3 ). The vector pointing from the initial target position of the test and the final position of the laser beam was converted to the global joint position error (JPE; degree) using trigonometric functions. It was marked and labeled according to the movement direction and trial number. Each movement direction repositioning test was repeated for four trials (determined by a preliminary reliability study) with a one-minute rest interval; the order of movement directions was randomized. After each trial, the examiner moved the participant's head back to the neutral position. The root mean square of each movement direction trial error represented the absolute error (AE). The variable error (VE), which examines the consistency of error behavior, was defined as the root mean square of the difference of each trial's global JPE and the mean global JPE [23, 38] .
After collection of background variables and completing the NDI and TSK questionnaires and VAS, the participants entered the main test phase of the study. To avoid fatigue, the endurance test was performed last. Between sessions (seven days apart), endurance and US imaging tests and within-session JPE test reliability were examined in 10 participants (five patients and five asymptomatic participants) prior to the main study.
Sample Size
The sample size was calculated based on the mean and standard deviation of the JPE measures as the primary outcomes of this study. To yield a power of 0.80 at a ¼ 0.05 and an effect size of 0.75, we needed at least 23 participants in each group. To account for possible missing data or dropouts, we decided to recruit 30 participants in each group.
Data Analysis
The statistical analyses were performed using statistical package SPSS software (version 21; SPSS Inc, Chicago, IL, USA). Statistical significance was set at P < 0.05. The Shapiro Wilk test was used to assess the distribution pattern of the data. Among the background variables, age was statistically different between the groups. Multivariate analysis of covariance (MANCOVA) was thus used to assess the endurance, JPE scores (AE, VE), and muscle size (thickness, CSA) differences between the two groups. Effect sizes (Cohen's d ¼ M 1 -M 2 /SD pooled , where M 1 and M 2 are the mean scores of the CNP and control groups, respectively; SD pooled is the pooled standard deviation for the two groups) were calculated to assess the magnitude of the difference between the two groups by a normalized measure. The effect (difference) magnitude was classified as small (0.20 to 0.49), medium (0.50 to 0.79), or large (>0.8) [39] . Pearson correlation coefficient was also used to examine the correlation between the flexor endurance, muscle size, JPE, NDI, TSK, and VAS scores [40] . To consider the possible effect of correlations between the outcome measures and their relevance to NP, a logistic regression analysis was performed. Hence the predictive capability of the dependent variables, including the repositioning errors, muscle size, and flexion endurance on NP development, was checked. Intraclass correlation coefficient (ICC; two-way random, absolute agreement model) was used to determine the relative reliability of the measurements. The standard error of measurement (SEM) was calculated in conjunction with the ICC using the formula SEM ¼ SD * ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi 1 À ICC p to enhance the clinical utility of the measurements [41] . The minimal detectable change (MDC) was also calculated (MDC 95% ¼ 1.96 * SEM * ffiffiffi 2 p ) to determine the minimum magnitude of change exceeding the threshold of measurement error at the 95% confidence level to be regarded as a clinically significant difference [42] .
Results
Thirty patients with CNP and 30 asymptomatic subjects participated in the study. The groups were similar in sex, weight, height, and body mass index, but patients were significantly older than the asymptomatic participants (P ¼ 0.02) ( Table 1) . Forty-three percent of patients reported pain in the left side of the neck, 40% in both sides, and 17% in the right.
Intersession reliability analysis of endurance (ICC 3, 1 ¼ 0.91) and muscle size (ICC 3, 1 ¼ 0.70-0.86) measurements and intrasession reliability of JPE assessments (ICC 3, 1 ¼ 0.70-0.88) were all indicative of a "high" level of relative reliability according to Munrro's classification [43] .
Between-Group Comparison
The results of the Leaven's test found the variance of the dependent variables to be homogenous in the two groups. Box's M test was also significant although having equal number of participants in the two groups would make it not a concern. As the omnibus test results were found significant, post hoc comparisons were performed to compare the groups according the dependent variables. MANCOVA test results after adjusting for age showed significant differences between the two groups in local flexor endurance (P ¼ 0.01, d ¼ 0.80) and LCO thickness and CSA (P < 0.01 for both, d ¼ 1.00 and 0.86, respectively). MDC 95% and SEM for the local flexor endurance were 20.94 and 7.55, respectively. While MDC 95% and SEM for LCO thickness were 0.10 and 0.03, respectively, they measured 0.12 and 0.04 for the CSA of this muscle. Although not reaching statistical significance, the mean AE in patients was higher than that in asymptomatic participants in all four directions (Table 2) . Table 3 presents the Pearson correlation coefficients of the CNP characteristics (TSK, NDI, and VAS), flexor endurance, muscle size, and JPE scores. TSK showed fair significant correlations with local flexor endurance and extension AE. There was also a fair correlation between NDI and SCM thickness. No significant correlation was found between VAS and any other variable. The only muscle size scores showing statistically significant correlations with flexion endurance were LCO thickness and CSA. JPEs showed no statistically significant correlation with either endurance or muscle size scores, except the flexion AE being correlated with local flexor endurance and the LRot AE being correlated with the CSA of LCA. Table 4 demonstrates the correlations between muscle size, flexor endurance, and JPE scores in the asymptomatic participants. Local flexor endurance showed fair and moderate to good correlations with the CSA of LCO and SCM thickness, respectively. There was also a moderate correlation between flexor endurance and SCM thickness. No significant correlation was found between JPE scores and the cervical flexor muscle size or endurance in the asymptomatic group.
Correlational Analysis
Logistic Regression Analysis
Binary logistic regression analysis found the correlations of three variables (local flexor endurance, LCO CSA, and LRot AE) to affect the odds ratio of NP development among which LRot AE and local flexor endurance 
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significantly affected the risk of NP development (Table 5) .
Discussion
This study investigated the relationship between JPE and neck flexor muscles' endurance and size and their relevance to CNP. Overall, the patients with CNP demonstrated lower levels of endurance and smaller muscle size. Although JPE was not statistically different between the two groups, it consistently showed higher values in all directions in CNP patients comparing the asymptomatic participants. While flexor muscle size and endurance showed considerable correlations in both groups, only a few components of JPE (AE L Rot, AE Flex, AE Ext) were found slightly correlated with flexor muscle size and endurance and kinesophobia in the CNP group. The results also found the flexor endurance capacity reduction to be a risk factor for NP development.
Between-Group Comparisons
We found smaller LCO thickness and CSA in patients with CNP comparing the asymptomatic participants. There was no significant difference in LCA and SCM size between the two groups. Our group had previously reported differential involvement of the deep, local cervical flexor muscles in the presence of CNP [6] . Although being literally classified as a local flexor muscle [44] , LCA, lying between the deep LCO and the superficial layer muscles of the neck, seems to act more similarly to the latter group [6] . Smaller LCO size in the CNP patients in the current study confirms the inhibition and reduced activation level already reported [45, 46] . Lack of association between muscle size and clinical CNP characteristics is in agreement with the results of a previous study [6] . The only exception was the poor positive association between SCM size and NDI. This might be interpreted as the compensatory overactivation of the superficial muscles for the inhibited atrophied local muscles (LCO here) in the presence of chronic pain conditions [47] . Javanshir et al. [14] have reported a reverse relationship between the deep flexor LCO muscle and NDI that might confirm the overactivity of the superficial SCM to be compensation for deep muscle hypoactivity.
In agreement with previous studies [6, 12] , we found lower flexor endurance capacity in the CNP patients compared with the asymptomatic participants. As local flexor muscles are believed to be responsible for providing both proprioceptive afferents and endurance for the cervical spine, we used the clinical local flexor endurance test claimed to address these muscles' endurance. Although the validity of this clinical test has not been confirmed, the literature has widely considered it to yield the local flexor endurance. The established pain-weakness vicious cycle [48] and transformation of type 1 to type 2 muscle fibers [49] might lead to lower local flexor endurance in CNP patients. The local flexor muscles seem to be selectively affected in the presence of CNP. This might impair their proprioceptive and postural control functionalities while leaving the gross movement production capability of superficial muscles intact. As there was no correlation between pain intensity and flexor endurance, lower endurance capacity in patients could not be justified by pain interference. On the other hand, TSK (as a measure of kinesophobia) was found to be correlated with local flexor endurance. Without any evidence to establish a cause-and-effect relationship, the decreased local muscle size and endurance can be considered motor control alterations predisposing to or occurring in response to NP. It is worth noting that because the between-group differences of the LCO muscle size and flexor endurance were greater than their measurement errors, these differences deserve clinical consideration.
The literature is controversial on the relevance of JPE to CNP. While some studies reported different JPEs [21, 22] , others failed to find any difference between CNP patients and asymptomatic participants [23, 24] . The findings of the current study are also inconclusive. Consistently higher proprioceptive error in CNP in all movement directions did not reach statistical significance. It is not thus easy to either accept or reject the hypothesis of impaired proprioceptive functioning in the presence of CNP. Other studies have introduced pain interference, central sensitization of the proprioceptive processing centers, disturbed sensitivity of peripheral joint and muscular receptors, and altered muscle thixotropy as the sources of impaired proprioception in CNP patients [50, 51] . However, the results of the current study were not indicative of significant alterations in proprioceptive functioning of CNP patients despite having atrophied deep cervical muscles with less endurance capability. Our results might propose that fear of movement associated with previous experiments may ultimately lead to decreased proprioceptive acuity. Confirmation of this hypothesis warrants further investigation.
Correlational Analysis
The findings of the current study, like those of many others, found pain intensity not to be correlated with any functional components, including flexor muscle size, endurance, or proprioceptive functioning [6, 50] . This might emphasize that the alterations found here are long-term adaptions to chronic pain rather than being simply the result of pain interference.
The positive correlation between LCO muscle size and local flexor endurance highlights the role of this deep muscle in providing stability and maintaining neutral neck posture during sustained postures or prolonged activities [6] . Dysfunction of deep and local muscles may leave the cervical spine vulnerable to clinical instability and overloading of cervical tissues [52] . The positive correlation between SCM muscle size and local flexor endurance might be interpreted as an adaptation via overactivity of superficial muscles in the presence of deep muscle dysfunction [53] . However, it is worth mentioning that some studies have suggested the SCM muscle to be active during the clinical flexor endurance test to hold up the head against gravity [54] .
Long-term inhibition of muscles may lead to disuse atrophy, manifested as the significant correlation between muscle size and endurance in this study [55] . Another possibility is that both atrophied LCO and reduced flexor endurance are the consequences of kinesophobia, which was found to be correlated with NP-related disability, muscle size, and endurance. Although not being a major goal of the current study, we checked if our participants terminated the endurance test because of pain or not. The number of subjects feeling pain in the cervical region during the test was low and comparable in the two groups (fewer than five). This might emphasize the role of central aspects of pain perception in the motor behavior of the participants as they terminated the test before it became painful. The significant inverse relationship between kinesiophobia and endurance makes it questionable if our participants terminated the test at the limit of their endurance or to simply protect their neck. Fear of movement has been recognized as a risk factor for chronicity and poor clinical outcomes [56] .
Almost no association was found between cervical JPE and flexor muscle size and endurance. The most direct conclusion on this finding might be that the proprioceptive functioning of the cervical muscles, believed to be the most important proprioceptive afferent source of the neck, performs independently from its structure and force-generating capabilities. Spinal or supraspinal mechanisms have been proposed to be involved in proprioceptive impairment in idiopathic CNP [57] , which explains the lack of relationship between muscle structure and proprioceptive functioning.
While most of our CNP patients reported pain on their left side, no asymmetry was found in the repositioning error. In both groups, most error magnitudes in different directions were statistically correlated. This might mean that alterations in the proprioceptive functioning of the cervical spine, even if believed to be altered, are independent from pain location. During any movement of the neck, both the group of muscles actively contracting and those being passively elongated take part in providing afferent proprioceptive inputs to central nervous system [51] . There is also no known muscle to be purely oriented in one cardinal plane. It is thus not surprising that whether pain is located on either side of the neck or being symmetrically experienced does not differentially affect proprioceptive functioning of the cervical region in a specific direction. The presence of pain in the nondominant side in most of the asymmetrical CNP patients might be interpreted according to the relevance of sustained postures in isometric muscle contractions to nontraumatic musculoskeletal pain syndromes [58] . People mostly use the dominant-side shoulder girdle muscles to accomplish movements while the nondominant side is usually responsible for keeping objects and holding postures.
The lack of difference between groups in JPE and lack of correlation between JPE and NP characteristics, besides controversial findings of other studies [59] , may question the validity of the JPE test for screening NP patients and assessment of proprioception function [60] .
Another accidental finding of our study was that age was positively correlated with kinesiophobia, disability, and JPE in the CNP group; older patients had poorer proprioception. Teng et al. [61] have also claimed the joint repositioning capability to be age-dependent and not to differ between NP patients and control participants. As it was not within the aims of the current study, we did not control for age as an independent variable, which is necessary for further conclusions.
Although not being statistically different between the two groups, increase of LRot AE could significantly increase the odds ratio of NP. This will underline the importance of considering the effect of each parameter in the context of its correlations with the other ones. The local flexor endurance reduction might also increase the risk of CNP development, but to a much lesser extent than LRot AE, which emphasizes the relevance of postural control capabilities to NP during sustained postures.
Limitations
Because of measurement precision issues, muscle size, having been shown to be correlated with its function [62] , has been chosen as the index of muscle performance in the static posture in the current study. It is, however, worth evaluating cervical muscles' activation during motor performance (i.e., the endurance task) to get a more valid index of their activation. There are also some issues on the interpretation of the clinical cervical flexor endurance test. Although being selected because of its wide use in clinical practice and research reports for the evaluation of local flexor endurance, the results of the current study and those of O'Leary et al. [54] warrant further consideration on what it really reflects.
Conclusions
The findings of the current study revealed that while CNP patients have smaller deep flexor muscle size and lower endurance capacity, cervical proprioceptive functionality is incapable of differentiating them from non-NP participants. The results also demonstrated no relationship between deep cervical flexor muscle size and endurance and the proprioception in this region. Cervical proprioceptive functioning was poorly related with the clinical characteristics of NP. These findings may suggest that proprioception and muscle size and endurance reflect discrete, irrelevant, and independent dimensions of deep cervical flexor muscles' function. Further investigations on the validity of the widely used clinical deep flexor endurance test are needed to confirm such a conclusion. It might also be concluded that the studied parameters exhibit a somewhat different effect while considering their effect in the context of their interactions.
